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Isolated calf deep vein thrombosis (DVT) con-
tinues to be a controversial subject, particularly with
regards to its clinical significance and natural histo-
ry. The recognized complications of isolated calf
DVT include pulmonary embolism (PE), propaga-
tion of thrombus to more proximal veins, and long-
term hemodynamic abnormalities associated with
the post-thrombotic syndrome.1-4 Recent advances
in color-flow duplex scanning (CFDS) have given
investigators an accurate and noninvasive method of
evaluation of the presence of thrombi in deep calf
veins, thereby facilitating the investigation of DVT
patterns.4-7 Although conflicting studies exist on the
origin of DVT, it is clear from several studies that
many lower limb thrombi originate in the deep veins
of the calf.8,9 Calf DVT has been shown to be pre-
sent in almost half of the symptomatic patients who
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Purpose: In the search for calf deep vein thrombosis (DVT) with color-flow duplex scan-
ning (CFDS), most vascular laboratories investigate only the posterior tibial and pero-
neal veins. Few laboratories assess the soleal and gastrocnemial veins. This study was
designed to determine the patterns and distribution of isolated calf DVT, including the
soleal and gastrocnemial veins.
Methods: In the last 3 years, 5250 patients (mean age, 66 ± 15 years; range, 22 to 93
years) were referred to the vascular laboratory for clinical suspicion of DVT and under-
went examination with CFDS. All superficial and deep named veins, excluding the ante-
rior tibial from groin to ankle, were imaged. Of the deep veins in the calf, the peroneal,
the posterior tibial, the gastrocnemial, and the soleal veins were examined throughout
their length.
Results: DVT was detected in 14% of the patients. Isolated calf DVT was detected in 282
limbs of 251 patients (4.8%). No significant difference was noted for the sex (114 men
vs 137 women; P = .15) or the limb preference (145 left vs 137 right; P = .5). The pero-
neal veins were most frequently involved, with 115 limbs (41%) affected. The soleal
veins were involved in 109 limbs (39%), followed by the posterior tibial in 105 limbs
(37%) and the gastrocnemial in 79 limbs (29%). Thrombus in the soleal vein alone was
found in 57 limbs (20%), in the gastrocnemial in 48 limbs (17%), in the peroneal in 41
limbs (15%), and in the posterior tibial vein in 35 limbs (12%). Thrombus confined to
a single or paired vein was found in 181 limbs (64%). Thrombus involving two differ-
ent veins (27%) was the second most frequent pattern, and thrombus in three (7%) or
four (1.4%) different veins was less prevalent. Isolated thrombosis in veins not routine-
ly investigated was found in 113 limbs (40%; soleal, n = 57; gastrocnemial, n = 48; soleal
+ gastrocnemial, n = 8). Multifocal origin of thrombosis, defined as thrombi in two dif-
ferent veins that do not anatomically communicate, was identified in 63 limbs (22%).
Conclusion: Forty percent of the patients with acute isolated calf DVT would be judged
to have normal CFDS examination results if the muscular veins in the calf were not
imaged. Multifocal origin of thrombosis was found in 22% of the involved limbs. The
prevalence of thrombosis in any calf vein either alone or in combination is comparable.
Accordingly, the soleal and gastrocnemial veins should be examined routinely. (J Vasc
Surg 1999;30:787-93.)
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undergo evaluation for the presence of DVT by
means of CFDS and venography.5,10,11
Because of the relative frequency of calf DVT,
many vascular laboratories now routinely image the
deep calf veins. However, most of the previous stud-
ies with CFDS have focused mainly on the posterior
tibial and peroneal veins in the determination of the
frequency and distribution of calf DVT, despite evi-
dence that a significant number of lower limb
thrombi originate in the soleal venous plexus.8
Accordingly, the purpose of our study was to deter-
mine the patterns and distribution of calf DVT with
the imaging of all the deep calf veins, including the
soleal and gastrocnemial veins.
PATIENTS AND METHODS
The study was conducted between January 1995
and September 1998. The patients were referred
from local general practitioners, the emergency
department, and the medical and surgical wards to
rule out thrombosis in the lower extremities. Patients
with previous DVT were excluded from the study.
Color-flow duplex scanning. CFDS was per-
formed with the 5-MHz linear array scanhead. All
the scans were performed by registered vascular
technologists with at least 1 year experience in the
imaging of calf veins before the study. The examina-
tion technique is similar to conventional duplex
scanning and has been described previously.12 The
femoropopliteal segment was scanned with both the
compression technique (gray-scale transverse scan-
ning) and the color-flow technique (transverse and
longitudinal imaging). The calf veins (tibioperoneal
trunk, posterior tibial, peroneal, gastrocnemial, and
soleal veins) were imaged individually in both longi-
tudinal and transverse planes from ankle to knee.
The posterior tibial veins were imaged just medial to
the tibial bone. The peroneal veins were seen deep-
er to the posterior tibial veins with the same
approach. The peroneal veins also were imaged from
the posterolateral aspect of the calf behind the fibu-
la when the medial approach was not adequate. The
gastrocnemial veins were first identified near their
confluence with the popliteal vein at the popliteal
skin crease and were followed within the muscle
belly (first muscle under the fascia) down in the calf.
The soleal veins were found first just below the sural
triangle (at this level, soleus muscle is the first mus-
cle under the fascia) and were followed up in both
directions. When the imaging of the popliteal and
calf veins was not optimal in the inclined position,
the examination was performed with the leg in the
dependent position. Augmentation of blood flow
with distal manual compression was frequently used
to visualize the calf veins and the femoropopliteal seg-
ment. With this technique, the sensitivity, the speci-
ficity, and the overall diagnostic accuracy of CFDS for
the detection of calf DVT in our hands as compared
with venography were more than 87% in two separate
studies.
Statistical analysis was performed with c 2 test,
with Yates correction for continuity. The level for
statistically significant differences was set at .05.
RESULTS
During the study period, 5250 patients under-
went evaluation. The average patient age was 66 ±
15 years, ranging from 22 to 93 years. Each patient
underwent examination with CFDS, and all the
named veins from groin to ankle were imaged. DVT
was detected in 742 patients (14%), and isolated calf
DVT was detected in 282 limbs of 251 patients
(4.8% overall; 34% among all patients with DVT).
Four percent of patients had inadequate imaging of
the calf veins because of swelling and obesity and
were excluded from the study. Of the 251 patients
(114 men and 137 women) in whom isolated calf
thrombi were visualized, 114 (45.5%) had thrombi
confined to the left calf, 106 (42.2%) had thrombi
confined to the right calf, and 31 (12.3%) had
thrombi present bilaterally. There were no statisti-
cally significant differences for the sex (P = .15) or
the limb preference (P = .5). Eighty-six percent of
the limbs were symptomatic, and 14% were high risk
and asymptomatic from patients who underwent
total joint arthroplasty. Fifty-eight percent of the
patients were outpatient, and 42% were inpatient.
Thrombus in the peroneal vein was most preva-
lent, with 115 limbs (41%) involved. The soleal
venous plexus was involved in 109 limbs (39%), fol-
lowed by the posterior tibial veins in 105 limbs
(37%) and the gastrocnemial veins in 79 limbs
(29%). These results are summarized in Table I.
Table II details the distribution of calf DVT con-
fined to a single calf vein. Thrombus in only a single
or paired vein was found in 182 limbs (64%). This
occurred most commonly in the soleal vein, with
isolated thrombi found in 57 limbs (20%), followed
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Table I. Prevalence of calf deep vein thrombosis
Location of deep vein thrombosis No. of limbs
Peroneal vein 115 (41%)
Soleal vein 109 (39%)
Posterior tibial vein 105 (37%)
Gastrocnemial vein 79 (28%)
by the gastrocnemial vein with 48 limbs (17%).
Thrombi in the peroneal vein and the posterior tib-
ial veins alone were detected in 42 limbs (15%) and
35 limbs (12%), respectively.
Of the 100 limbs (36%) in which multiple calf
thrombi were detected, the posterior tibial and pero-
neal veins together were involved in 30 limbs (30%).
The peroneal and soleal veins together were involved
in 15 limbs (15%), followed by thrombus in both the
posterior tibial and the soleal veins in 11 limbs (11%).
Simultaneous thrombi involving three and four veins
were also detected, as shown in Table III. Multifocal
origin of DVT, defined as thrombosis in at least two
veins that do not anatomically communicate, was
detected in 63 limbs (22%), with the totals from
Table III excluding the combinations of posterior
tibial and soleal, peroneal and soleal, and posterior
tibial, soleal, and peroneal veins. The limbs with iso-
lated calf DVT that would have been missed without
the investigation of the soleal and gastrocnemial
veins totaled 113 (40%; soleal alone, n = 57; gastroc-
nemial alone, n = 48; soleal and gastrocnemial veins
together, n = 8).
DISCUSSION
Previous studies have shown that many lower
extremity thrombi originate in the deep veins of the
calf.8,9 Although acute DVT can originate anywhere
in the lower extremity venous system,13,14 several
studies have shown that the calf veins are frequently
involved in symptomatic patients suspected of hav-
ing acute DVT.5,9,15
The prevalence of isolated calf DVT is high. In
our study, the prevalence was 34% among all the
patients with DVT. In a review of 20 venographic
studies that included 2140 patients, it was shown
that isolated calf DVT occurred in 49% of the
patients.10 Three other venographic studies have
reported prevalences of 46%, 46%, and 12%.11,16,17
Recent studies with CFDS have established the
importance of the imaging of the deep calf veins
because isolated thrombi in these veins can occur in
33% of patients, as reported by Mattos et al,5 and in
24% of patients, as reported by Hill et al.14 In anoth-
er study, a low prevalence of isolated calf DVT (5%)
was found probably because only the posterior tibial
veins underwent evaluation in the calf.18 The overall
prevalence of isolated calf DVT of 4.8% in our study
is similar to that reported by Hill et al14 (4.1%), who
also used CFDS to identify patterns of acute DVT.
Thrombus in the peroneal veins was the most
prevalent (41%), and this has been shown in two
recent studies on isolated calf DVT.5,19 In the study
by Kerr et al,20 the incidence of posterior tibial and
soleal vein thrombosis was higher than was peroneal,
but it was comparable. Muscular vein thrombosis in
the calf was commonly found in previous reports19,20
and, in two studies, comprised 16% and 25% of all
thrombi in the limbs.21,22 Thrombus in the anterior
tibial veins occurs usually in combination with other
calf vein thrombi but almost never as an isolated find-
ing.5,19,20 Three recent studies reported an isolated
anterior tibial vein thrombosis prevalence of 0%, 0%,
and 0.3%.5,19,20
Proximal extension of calf DVT is well estab-
lished, and studies have shown propagation rates
that ranged from 4% to 34% in patients with symp-
tomatic and asymptomatic calf DVT.3,19,23 Recently,
Meissner et al1 reported a 16% rate of propagation in
patients who were followed with serial CFDS.
Although the extension of calf thrombi to more
proximal veins is not in itself clinically significant, it
is thought that proximal DVT carries a higher risk of
pulmonary embolism. However, recent studies have
suggested that a small risk of pulmonary emboliza-
tion is present with isolated calf DVT. Previous
investigators with routine ventilation-perfusion
scanning have shown rates of PE in patients with calf
DVT that ranged from 0% to 33%.10,19,24,25 It
should be noted that many of these studies reported
the prevalence of isolated calf DVT in patients in
whom PE was already diagnosed and were thus
unable to exclude more proximal DVT as a causative
factor.
Long-term hemodynamic abnormalities leading
to the post-thrombotic syndrome are another recog-
nized complication thought to be more prevalent in
proximal DVT. Hirsh and Lensing2 anticipated the
development rate of post-thrombotic syndrome in
untreated calf DVT to be 4%, on the basis of a prop-
agation rate of 20%. However, Kakkar et al26 have
shown that hemodynamic changes exist in as many
as 53% of the patients with calf DVT studied with
foot volumetry. Other investigators have shown that
long-term symptoms and hemodynamic changes
exist after calf DVT.27,28
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Table II. Prevalence of calf deep vein thrombosis
in a single or paired vein alone
Location of thrombus No. of limbs
Soleal alone 57 (20%)
Gastrocnemial alone 48 (17%)
Peroneal alone 42 (15%)
Posterior tibial alone 35 (12%)
Total 182 (64%)
Most recently, Masuda et al19 prospectively
reported the incidence of clot propagation, PE, clot
lysis, and long-term hemodynamic complications in
patients with isolated calf DVT. Their results showed
a 4% rate of propagation and no cases of PE.
Interestingly, 88% of the limbs showed complete
lysis of thrombi at 3 months, and, at 3 years, only
one patient (5%) had hyperpigmentation and vari-
cose veins develop. The development of late venous
reflux occurred in 39% of the 23 patients followed
for 3 years. In a similar paper reporting the long-
term hemodynamic sequelae of isolated calf DVT,
McLafferty et al29 reported a 32% incidence rate of
mild to moderate venous reflux in patients with calf
DVT followed for 3 years. In both papers, the devel-
opment of reflux was not necessarily related to the
initial venous segment involved and was associated
with few clinical symptoms. However, both studies
had small numbers of patients who were followed
up, and, therefore, further work is needed to deter-
mine the sequelae of isolated calf DVT.
The central issue in calf DVT revolves around
whether these patients should undergo anticoagula-
tion therapy. If so, for how long? Should they be fol-
lowed with serial scanning? Currently, two
approaches are accepted by most centers: oral anti-
coagulation therapy,13 or repeat imaging with CFDS
after 7 to 10 days.2,30 Many centers, including ours,
favor oral anticoagulation therapy only if propaga-
tion is detected to more proximal deep veins.
Although many vascular laboratories image the
posterior tibial and peroneal veins in the examina-
tion of patients suspected of having acute DVT, the
soleal and gastrocnemial veins are rarely imaged.
This is probably a result of the lack of training in the
imaging of these veins or a result of the failure to
recognize the clinical significance. The results of our
study suggest that 40% of patients would be found
to have a normal CFDS on the basis of examination
of the posterior tibial and peroneal veins alone and
thus would neither be treated with anticoagulant
therapy nor be followed with serial CFDS examina-
tions. This could have implications regarding the
clinical sequelae of patients with isolated calf DVT.
Furthermore, the propagation rate of thrombi in the
soleal and gastrocnemial veins is unknown and can-
not be assumed to be similar to the peroneal and
posterior tibial veins. However, in one study of 75
patients, propagation into proximal veins occurred
more often from isolated soleal vein thrombosis than
from peroneal and posterior tibial vein thrombo-
sis.19
The soleal venous plexus connects the posterior
tibial veins and the peroneal veins in the calf.
Therefore, any combination of calf vein thrombi
that does not involve the anatomic connection
between these veins is presumed to be a separate
thrombotic phenomenon. Our study results revealed
multifocal origin of calf DVT in 23% of affected
limbs. To the best of our knowledge, no other study
with CFDS has documented multifocal origin of calf
DVT. This is perhaps because few other studies have
imaged the soleal veins, and thus they have not been
able to exclude origin and extension of clot from the
soleal veins to either the posterior tibial or the pero-
neal veins.
CONCLUSION
On the basis of the results of this study, 40% of
cases with isolated calf DVT would be missed if the
muscular veins were not included in the examina-
tion. Therefore, the soleal and gastrocnemial veins
should be imaged in the routine examination of
patients suspected of having acute DVT. This could
improve the identification of patients at risk for clin-
ical sequelae of DVT and lead to earlier treatment
and follow-up examination of these patients. In
addition, this study suggests that the origin of calf
DVT in a significant percentage of limbs may be
multifocal in origin. Additional prospective studies
with larger sample sizes are needed to determine the
clinical significance of isolated calf DVT and to
determine the most appropriate treatment and fol-
low-up examination for patients with thrombi in
these veins.
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DISCUSSION
Dr Joann M. Lohr (Cincinnati, Ohio). This paper
nicely shows the duplex distribution and patterns of calf
vein thrombi in 251 patients. In 31 patients, there was
actually bilateral involvement found. Dr Meissner from
Seattle has demonstrated previously that up to 70% of
patients with an isolated calf vein thrombus will be symp-
tomatic at the time of presentation. The Loyola group did
not analyze the symptoms of the patients found with calf
vein thrombi alone. The risk factors, ambulatory status,
and treatment are not provided in this manuscript. The
manuscript states that a previous DVT was included in
exclusion criteria, and it is unclear to me whether this
means sequential scans were excluded or whether any his-
tory of a DVT was a reason to be excluded. Tom Kerr pre-
sented an analysis of more than 1084 sequential lower
extremities found with acute thrombosis diagnosed with
duplex scanning to the first American Venous Forum in
1989 and received the first place research award from the
Forum for this work. In his study, as in this paper, he also
found 37% of patients had an isolated calf vein thrombus.
It has long been the standard of care in our laboratory that
veins in the calf are imaged. As both Dr Kerr and Dr
Labropoulos have just shown, calf veins can be involved as
an isolated thrombotic process, but what to do with them
is a finding that still remains controversial. The success of
your vascular laboratory does require evaluation of the calf
veins to prevent missing and misdiagnosing limbs as neg-
ative when truly a thrombus is present. In the manuscript,
you state that all the veins from the groin to the ankle
were evaluated. Unfortunately, the paired anterior tibial
veins are not addressed in the manuscript, and this needs
to be added. Clearly, Dr Mattos has shown that anterior
tibial veins are rarely involved as an isolated finding and
may not need to be imaged.
I would like to thank the group for the manuscript,
and I have several questions.
Were patients with isolated calf vein thrombi different
in regard to their symptoms or ambulatory status than the
remainder of those found with clot? Why exclude patients
with previous DVT? What percentage of patients when
you set out to image the calf veins were not able to be ade-
quately visualized, and why? How do you teach your tech-
nologist to be so good with calf veins? Our training pro-
gram for new technologists is quite rigorous, and we still
have a hard time being sure they are seeing what they are
seeing. What is your current protocol, and how much
extra scan time do you believe adding a complete evalua-
tion of the calf veins causes?
Thank you for the privilege of discussing this manu-
script.
Dr Nicos Labropoulos. Regarding your first comment,
84% of patients had symptoms, including calf pain and
swelling. The remaining 16% were asymptomatic patients
at high risk who underwent a total joint arthroplasty pro-
cedure. Only patients with previous DVT were excluded.
This was because we did not want patients with post-
thrombotic wall changes or old thrombi that would not be
as clear for the diagnosis of acute DVT. Sequential scans
were performed for the detection of proximal propagation
and when the study was nondiagnostic.
The anterior tibial veins were not imaged unless there
were local symptoms or trauma in that area. In previous
studies from Kerr et al20 Mattos et al,5 we showed that iso-
lated anterior tibial thrombosis occurred 0.3% and 0%,
respectively.
In experienced hands, the extra time that is added in a
patient who is not obese or does not have marked swelling
is about 5 to 10 minutes per limb. However, many
patients in the Midwest are overweight and the examina-
tion is often challenging. If there is a problem in imaging
the calf veins with a medium frequency transducer, we
have advised our technologists to use a low frequency
transducer. With this policy, we have been able to examine
adequately 96% of our patients, whereas 4% have inade-
quate imaging.
Dr Harry Schanzer (New York, NY). I enjoyed the
paper. The problem with a paper like this one, which uses
a method with high sensitivity, is that it raises more ques-
tions than it gives answers. The question here is, what is
the relevance of the small thrombi in the little soleal veins?
As you say, one will have to study the natural history and
serially determine how many of them propagate and what
is the clinical significance. In the meantime, what are you
doing when you discover in an asymptomatic patient a lit-
tle clot in a little vein in the soleus?
Dr Labropoulos. Dr Schanzer, these are interesting
comments. In our institution, the vast majority of patients
with isolated calf deep vein thrombosis undergo a second
scan 4 days later. If the thrombus propagates into the
proximal veins, the patient undergoes anticoagulation
therapy. In an ongoing prospective study, we showed that
proximal propagation occurred in 15% of patients. Dr
Meissner et al1 reported a propagation rate of 16%, and, in
the study at St Mary’s Hospital in London, England, the
propagation rate was 14%. In the world literature, the
propagation rate ranges from 4% to 35%, with a median
value of 10% to 15%. Therefore, if anticoagulation therapy
was used to treat all the patients with calf DVT, about 85%
of them would be overtreated. This is the reason for which
serial scans are being performed in our institution.
Dr Mark Mattos (Springfield, Ill). This was a nice
paper, and I thank you for letting me see the manuscript.
Our patient population is fairly similar because I too
live in the Midwest and because we too scan heavy
patients. However, the differences in both your overall
below-knee DVT and the isolated DVT is about one half
of our study results. I would like to ask you, why do you
think there is such a large difference between isolated calf
vein DVT frequency in our group versus your group? I
notice in your paper that you did not divide the groups
into inpatient versus outpatient. In our group, the inpa-
tients had twice the number of DVT, both above and
below the knee, than the people who presented as outpa-
tients. I am just wondering if that could be the difference.
I do think you might need to add that into your paper,
dividing it up into inpatient and outpatient, because it may
make a difference about whether or not the soleal and gas-
trocnemius veins need to be imaged in some patients. We
do not do that at Springfield, and I raise the question of
whether or not it is important.
Dr Labropoulos. These are good points. In this study,
we did not analyze the data for outpatients and inpatients.
However, in an ongoing prospective study, we have found
no differences between inpatients and outpatients. In fact,
in that study, although it does not have adequate power,
half of the patients were treated and the other half were
not, but no significant differences were found in the two
groups in terms of thrombus remodeling and propagation.
In your study,5 you found that the overall prevalence of
calf DVT was 47% but of isolated calf DVT was 33% (53
of 159 limbs). This prevalence was comparable with the
34% in our study.
Dr Phillip J. Bendick (Royal Oak, Mich). Your data
do reflect our numbers closely. My question relates to
what we should do about this. To me, if you identify a
calf DVT, as long as it stays in the calf, it is not terribly
important. However, around 17% will propagate. We do
not know who those patients are going to be. When do
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we follow up these cases, in terms of how long an inter-
val can we safely wait, and what data are there to support
activity?
Dr Labropoulos. That is a great question, but I do not
have the answer. What we do is purely from experience.
Patients with isolated calf DVT are being rescanned 4 to
10 days later, and this so far has been a safe approach.
However, there are no data or, according to Dr Russell
Hull, level I data to support what is the best management
of these patients.
I did some power calculations with one of my col-
leagues on the basis of our experience and the published
data. To provide an answer with minimum power, 250
patients should be included in each arm of the study.
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